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Pair background track density

cm/cm3/BX

500 GeV, B =3 Tesla

r (cm)

| III|
[r—
L]

0 50 100 150 200 250 300 350 400
Z (cm)
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Background: Pairs in the Mask

~~ 0.1% of one bunchcrossing @ 500 GeV , 3T

|

il

Pairs on one side (z > 0) for one full BX

Energy | #produced | Total E | #onLCAL | E on LCAL
500 60000 150 TeV 110000 21 TeV
800 50000 490 TeV 170000 35.5 TeV

Every channel of LCAL fires !!

LCW52000, 25 Octaber 2000

Fus Y
Karsten BiBer | 20/
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Mask Design

no final design

preliminary design to have first idea of back-
ground |

outer mask to prevent backscattering of pho-
tons

inner mask to prevent backscattering of charged
particles

inner mask should instrumented for the machine

instrumentation for low angle tagging will be
included later



Multi-Bunch Kink Instability

1 L T T T T
I=2m, bunch-to-bunch —— ]
0.1 | t t=1m, bunch-to-bunch - 1
- I=1m, train
0.01 | i
K o
% 0.001 ¢ i\
Ly
0.0001 ‘-\
1e-O¢+ 7
19'06 1
0 5 10 15 20 25 30

8, [mradian]
Two main contributions to kick
beam
coherent pairs
kick is approximated
bunches are separated after [ = 2m (1 m)

= at 6, = 20 mradian luminosity loss is increased
by ~ 60 % for coherent offset

= only = 13% for [ = 1m

= more precise model needed



SO SYOO[ :SUIP[SIYS PUB ‘DJINOS 0] IdUBISIP ‘sarnjrade
£Q PA[[ONU0d (TX A 01 9Fewrep UonLIpel UONNIN

(uUOWIY BONJURIN)) WRIS0L] (23 J0SUdS [9XI ALY D[ —
1a30wLIoTed Surpdwes udsSun [ /puower(] VISHL —

uoi3ar Jred oy} Uur JOJIUOW JO ddueULIO)Idd J€ YOO I1SIT]

L € < g 0] YO 00[ Sy 13RI 29 AXA

8V3INTA "CLNVHD —
SI01RISUAS WBdg-tedq 31 edumnn ‘NIVD —

SPUq Weaq-weaq 1oJ sageyoed uone[nuuis Jud[[90Xy

Arewuung spunoissoey Jied



Preliminary Parametrisation

0.1

= 0.01 }

5] _

5

W 0.001 }

=)

i

=)

£ 0.0001
1e-05

/

simulation ——

e

0

500 1000 1500 2000 2500 3000
E g [GEV]

Consider four cases
E, > Fy, By > Ej
E, > Ey, E, < E
E, < Ey, B, > E,
E, < Ey, By < E,
replace F; < Fj with f(EL/ Ep)

replace E; > Fj with constant (to be improved)

use proper weights for the four cases

= approximation seems good for the tail
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Hits from Pairstrahlung in the Vertex Detector

Hits in the vertex detector (CCD option)

= .
l-g 700 |
§ * A 800 GeV, 3T
600 - A 500 GeV, 3T
500 _*_ @ 800 GeV, 4T
I ® 500 GeV, 4T
200
300 |
A G —
200 |- —h—
100 | ® A
0 l i L
1 2 3 4 5
VTX Layer .
~ 0.09 [ '
s i
c,uz 0.08 |- A 800 GeV, 3T
E oo7 A A 500 GeV, 3T
= F
2 006 |- ® 800 GeV, 4T
£ i
© i A
.-J;:- 0.05 B ® 500 GeV, 4T
0.04 | L
0.03 ®
0.02 —
001 |
0 6 o ™ ™
_0.01 - il il Il Il | L H L " L ] L L L \. 1 1 L ‘ L 1 1 1 l 1 Il ! L J L 1
0 1 2 3 4 5 6
Radius (cm)

LCWS2000, 25 October 2000 Karsten BiiBer



Instrumentation of the LCAL

e Diamond/tungsten sampling calorimeter
o first layer is diamond (pair monitor)

e AO~ 3.3 mrad

e AD =15 deg

e Segmentation in z is under investigation right now

LCAL signal will be included in the fast feedback system

= readout has to be done in <40 ns

LCW52000, 25 October 2000

Karsten BiiBer | 200 )
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LCAL: Pair Background and Electron Signal

250 GeV electron at 6= 20 mrad
+ pair background for 1 BX @ /s =500 GeV

Layer 1 Layer 2
0.12

— 0.1
— 0.08

0.06

— 0.04

== 0.035

Layer 5 Layer 6

LCWS2000, 25 October 2000 Karsten BiiBer 7 )

Yl



Pair Monitor

as a beam profile monitor

single Active Pixel Sensor

Me layer of silicon disks
pixel size 100 x 100 um2

thickness 300 um

inner radius 2 cm

outer radius 8.5 cm

location (z) 176 and 177 cm from IP

Measurement:
position and energy deposit



(Li+Ly )/ (Hy+H))

0.30

025

0.20

015

010
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Pair Monitor Prototype

readout chip

One disk showing the detector One trapezoidal component of
arrangement: top side facing the IP the disk: sensor facing the IP
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Coherent Pairs

Ec i [TeV] | no of pairs | E..4[10° GeV]
0.5 700 104
1 3. 106 0.8
3 6.7 - 10° 440
5 1.8 10° 1630

= significant fraction of bunch charge (4 - 10°)

1e+06 |
= 100000 F,
& 10000
o ! o,
= 1000 f o,
S i e
2 100 | o
o | i,
L 10 2 ﬂ“ﬁ

0 2 4 6 8

Angle [m radian]

= exit angle larger than 10 mradian
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Hadronic Background

Hadronic background: ete™ — e*e™yy — hadrons
(see LC-DET-2000-001 by C. Hensel)

Simulated using GUINEA-PIG (photons) and HERWIG 5.9
with mulitparton interaction on for the vy interaction.

type events/BX | mult. | charg. mult. | E;,;/BX
(1072) (GeV)
direct 0.53 15.2 8.5 0.25
single res. 0.40 30.5 15.7 0.32
double res. 1.12 4477 22.2 1.50
all 2.05 34.3 17.4 2.07

Charged hits in vertex detector

Total number of charged hits/BX on inner layer:
< 34001073 mm~>

Charged tracks in TPC
Total number of charged tracks/BX in TPC:
< 0.7 — = 105 in 150 BX

LCWS2000, 25 October 2000

Karsten Biifer



Hadronic Background in the Central

Tracker
1e+06 ' '
neutrons ————
charged
neutral -
£ 100000 ¢ TS A —— --‘—"‘Z—' —
= ‘ S A
g
o 10000 ¢
D
=& 1000 }
100 ' ' —
0 50 100 150 200
r [em]

Full GEANT simulation

events from HADES with PYTHIA
no cavity effect included

2000 bunch crossing simulated

=> density of charged particles drops quickly with
radius



SYNCHROTRON RADIATION from FINAL DOUBLET QUADRUPOLLS
TESLA_iL 500 GeV (3 doublets)

00 _' LSS \m/

| plane [mml]

~

=20 —

horizont:

20

rtical zlane [mm]

...... 20

ke

w

lene [mmml

i~
-

Y
[t
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Trajectories of the lost electrons

0.4 —

T T T T T T

!

?|Illl_j

]
&




Beam loss along the extraction line

Power (W/m)

60(}0 [ T T T T T T T T T T T T T ]
~ i ]
g L .
o .
> 9 i
& G4000 — —
290 1
a5 . ]
£2 | |
ol I i
2=
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0.1 n/ GeV is assumed (self shielding effect NOT included)
Total = 4x10! 1/c1112/y at [P -> 1/100 attenuation is enough



VISHL 8 SUOISI[[0 -9-9 —

ASHAJ / 12qreIyos 13313

O7IN 9} JE USISop duI[uieaq pue soIsAyd jo5.1e) paxiy —
DVIS / ueynid Iourey

A30[0outyd9) I3Se[ JO sSme)s —

INTT/ Aleq wif
SuI[[opow punoiI3ydeq pue YJ

INT] / 310quoin) JJof
SANSSI Y[ 29 s1dtowered 1 ISHL I8 SIOPI[[0d uoloyd —

NI Iodpng 2 ASH{ / AOU[d ], AId[RA

SUIBaq pPajoenxd pue ‘-9-9 ‘g3



V' ISHL 10] 1omod rase] dund 03 Surr 93e10)s [eond(Q —
TUItUdOTOAI(T JOSBT

WG | 0} G WOoIJ J[ I8 "o paonpay —

$X 20UBNIW [BIUOZIIOY SA0IAWI PINOJ Y (J Ul SUI[00D ISR —

1] 9seaIdUl 0) pajsnipe aq siojowered weaq oY) ue)) .

VIS 18 ewIwren)-euiuien)



/)%/ OIKOM C,o'gfc'b/ﬁ/tg

%ectr n /\/\\‘Bj’ff\
unc

|
NMMWWN—TY(e) —

—
w
. [

b O, L~O0.50m




Lacer COOZZ{ V. Telnod”
ot electromn Lea 7/r.>'z 2C

V. Telno
PRL 78(1992 )« #5F
£.=06,8; E, =& ) 20 (1998) 27y 2(en)
¢ R X
' &, —mO2ur A Eieeed
EJ_-P e fm 6;_2 &P em(#aﬁce ‘

g
;PE(}rCr’jozﬁe J @Zéc%wﬂs 14/('24% 7?@ ewe/?/é’{ ~ B Rel/
are collidled with powerful laser pelse ard
ézﬂ'ﬂe Z‘éé.‘(.z !ﬂHJ('ﬁleﬁra C crord fza#f#%fe

momenln = &, —decreasen laser

e — y
S 5 wepecel
. =
e___,_,_.__a-- ““““““““““““ +o-Eo
—— N = C@WS%
L

£ ~& . E
n,out n,in E(’)

af L o _
(/0 ) E/)E"’;’W
Prot. émﬁf (CLUED
1. F@a;é @ﬁmﬁg{
L. Ccﬂ@/?f i/bz.egg/
3. UL win e @W!%f/ﬁﬂgg
Y. @epofmr’smd‘bﬁ

5. /Dﬂﬂﬁ/e/?mwavééf’e S e
£ /é)ﬁﬁlfhvébﬁ O/Qﬁﬂﬁ?/dﬁ Q/aprém

WERULARDE, GOTHESE



SN fmuw . |

— B | Joedornd 2pap |

MY __ N, 227 _‘
M h_\fu_.”,_v“_ ~ o A“.MW\SQJMH..; wﬂﬂaﬁ_\ ( 0@ v \,fw \& M\MW @@\ Shﬂ_us*lms\kwwo.e

r - —, ; g s ™y g e o WN_Q..‘._._‘..N
GpYap woTIRG I LI 35 77 fé:ﬁ% 7
Soui 0/xy U Y2z .wqumsmvmﬁﬂﬁ\@tmwm % E?Mgﬁfn
o — e S ; ' 7 & 2 1 4 o
w.m“,umwm \&M\q\»_\,r OF ™~ Seyve kaﬁ% Mﬁm,mwwN mQ_\N YRS Wﬂﬁm pory Jo )
174/ N
- T
12401208
Y
SU €€¢€ =(doo} LV
asind
padayo ﬁ-_
s __ v
27577 A A
v Y N {
dil =
22 uvvped 7 d T0ssa1duroos
vs‘w% nIyL Yo Y |
. <o o
Sz 20240 KO

S co0)o ...M”xi..x .nw_«ww \
c 7 Qy_ﬁ.n 5 / wuhmﬂ\____N W:quul@m s 7 N _,.O.M L_Mw n\Q

Y7TT [ AV w3700 @Q\%M 29/ surayos guarsde



uoneoyidwe 2p Surdeys asind enoads 2 [erodwd) JUSWITLURW 1B “TOMOJ »
wa)sAs xase] 3a(01d XYNDYHN INTT Idepy  —
2INONIIS Ooung AQ USALIP INJIANIYITY —
(AR 1eSLT o
aSuaq[eyd & 2q 0} Ful03 JOLITUI [RNUS) —
-940 wolj SuIsLe sajels payuesun ssauddng —
1od A1yS1y 2q ued 8 yloq 0§ —
-9-2 woly paonpoid 3T juem [[IM JBY) PAPUIIDY
mopurm dump 10J wapqord oq Aewr weaq uojoyd peaq ur Aysuap AS1oug —
dwnp woy aurysyoeq 01 X AS Sosodxsq
s1o1oweIed wWeaq 9A1SSI3FL 210W 0] 05 JI IOTIRT »
peIwG < 2Injrode dul] UONORIXH —

uSISop Y] pue 19s J9jowesed -0+9 [RIOIIJO Y)IM UISIYH
INTT¥e ssoq | ‘syuopmys ¢ “sAyq 1oseT [ dy [ dd 1 —
ungaq TNTT SeY 1B SanssI Y[ 33 JO UORUTURX

D1/DIN @) ewieD)-euiwien)



isonsougerp

ou Jo yeduwr soisAyd
‘sondo suejpey a|Bue-A

L e Y000 2000 0 2000~ bOO0- , o
OU ‘QUI] UOIORIIX2 PJo1] 0197 S T voor 2
; 2
suBIpRI[IW § -/+ aInyuade { 000z §
oul] uonoeNXo sannbay . Mo 008 2
-949 3
‘so[8ue 10818] 01 spe9| as|nd jo000s g
Surwoour ut peaids AS1oug - Jh____wmw 2000 .w_.mun..u.mnn.n...-ﬁ__.u.u 0Lx
ewwed-ewwes J0J J[NOIJIq — A mmm 2
-uondnisip 008 m
Ie[n3ue [PWIUTW ‘-9+3 0] Asey — mmmm 3
|l 24y} woij Aeme papodsue) oogh &

aq ued weaq paydnisip ayy jey) g Ok X

aInsud o} st Ajuorid 311y oY, .

wiedq paydnasi(q

30aload 1apl|joD Jesul IxON 8yl - DIN



oIy wd| 03
siied oy Jo yied oy
Ul [elI2lell 20Npay -

oIy wo ¢ ugisop
JOLIIUI PIRpURIS
‘sared
ay1 jo yed oy ut ST
Jo1NW [euly oy AjuQ
"uonesjIipow
UM SIOLIW oY)
10} WOoOol SI 319y} Ing
91EPOWILIONIE ,USIOP
odid weaq I Jud1IN))

o
-
—

§T0r

1

- ST0r

- 10

- 070

- S0°0

- 170

- S1°0

- T°0

sT0

3oafoad 18pijjoD Jeaul JxXON 8yl - IN




66 AON 61
dHIEH

ajey uonnjeday

ABJioug as|nd
™ 001 ol A1l " ool rot r rw ool ruw cr ru S
. 104
paguUEdg wedq ! ! 31buis
BAO BAl
N Iys 1Y
& ZH 01
naiap
! | 9seld
aselyd
3HL
ZHN |
suodea
hmmm._g ZHY 0L
[eIWBUD MO (O
SS pedwnd-spoid @ HL
S pedwnd-dwe|yseld @ . .I : ZHY 001

suodeam Jase| 10} Alessaoau Jomod abelaae
ay} buiyoseo.idde alte siase ajelsS-plios 1OH




MY 091 Jo 9|qeded sjeisiio
Aeiie spoig ~ dvd4-S:aA

Buippers afipg

MO PUIM — sauea
nm_m/ R_ _aﬁsw
: ”."”. ‘... seb .

T 1desuoa

= MOJ} SeY
| | il #_
ez ouwes  ormon

Al Aduaid1ya %01 Yum zH 0L 1e 00| JaA18p

[1IM AIN2J3\ - J9ALIP UOISh) uoljelauab-1xau ay) se
slase| aje}s pijos dwnd-apoip buidojanap ale ap



6661 fep g

A6681-9680-09-04

ucpeoydwe
Jeye asind uonesyydwe 1o} asjnd
ABiaus-yBiH Jomod-mo| Buon
| T X = 157
sesd 0DOZ o
ﬂwm x._ﬁ asnd
s I uoys
_W.—ﬂmw__n_»h—ﬁ JamoOd ﬁWAW“u . 0 el .-Ou_”_:_uma
S R e 4 as|na-uoys
1 asind poysenjn S Y
10ssai1dwod s&?; ‘ABisus-ubiy Pyoeas
m:_um 15 | Bupnseay

Bunein

ses|nd (M1 0001) Nemelad 0} jemeia] Jo
uononpoud sajqeusa Abojouyosal mepN



OUI| UOIIOBIIXD Ul SISSO[ J[qISLa] [[1S Inq 19318 sueaw uondnisip sosearou] —
@uawwmm@ WSISAS 10J waqoxd
£ 9q J0U pP[noys Inq ‘ueprodwil 2I0W JOeqPod) Urel-enul saxew yourd-nuy —
x S1s pue z 31s s1o1owered
weaq yum Ae[d 0] Juem 0} dUO SPed[ -94-3 0) SANR[II WNT PAONPIY —
-9-0
o[qissod Swaas nq ‘[BIALI-UON]
sis A310u9 Jamod Y3y £q pourd[) —
SUNI PaJoA3p JOJ Suo[ 00 "s}dxa se weaq pajdnisip asn 01 padu [[IAL
1810 sanpruniioddo so1sAyd 1 —
$1019919p UONBISUIT JST I0] A1B[ 00,
VIS 18 9sn Ul A[JUALIND SWAYIS U0 paseq

WY} PUBLUDP SIasn J1 ,ASBY, oI SWedq 1S9, —

sweaq 1s9) 10 Arewnid ASIoUD [[nJ JO UOIIORIIXH

Arewauung -9-9 pue 1931 ], POXI



%%.% Mﬂﬁ.ﬁ% A

9]eds 0} JON « w 00z

» <

J0jBUAIOD
¥ dung

0N MINDL

wbie| ag pue
1subey pusg

W0z - 001

(o ApE-. g
dwng jejusunadxg WBIBAIC _.Emwmm 188
jeuty 19bse]

sealy 19b1e] paxi4 pue weag 1591 Jo maiAdo]

JINENTHIN

3oafoad 1oplijog 1eaury XN a4l - 3%



vehid ey 8

[o/ne9] ©
o Hro

] 12EC0

AdY e -
1PETO

o L
I 1980

e _

7N -
, vs3>15)8613 | -
uoIDIpald OuBldJBN (D)0, uIs

Bunayeas 19)|9

300lo1d JOPI|0T 1eaurT IXSN B4 - 9N



sejodnipenp [] 1eisolsy [ pieius uaisbuny [

su 0G/0¢ > asuodsal

-9/+3 9AjOSal O] }INOIYIPp wmwwo?_x 3y} ojul wayl ind o} Jnaulp :Inq
wn g > uoinjosal aA19241p 24e saul] duys :abejueape
1eisoAny ayy ui ) sJoyuow auljdias :uonnjos 1saq

Sidg Alaed Juesjuaalr |
su 0z > asuodsai <- sayoung -a/+d 9A|0Sal }shw
1q10 wesq ayj sulusisp o] wn § > :uonn|osal \dg :pasu

Injasn Sdg |leuonippe g

0004 ﬁ 00cs q 08¢

)oeqpaaj) 10} jSew ay] Je SI01UO|\ uollisod weag



Spent beam losses during extraction
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Spent beam losses in the e-e- case
not much worse than e+e- (800 GeV)
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The LEP Spectrometer Project

‘ The LEP Spectrometer I

Near LEP IP3, We installed (in 1999)

Quad Wire Position Steel Synchrotron Quad
' '/ Sensors \ Dipole Absorbers

(@)
= - X A

BPM Pickups NMR Probes I I I
Om 10m
Available space dictated f/ — |.8 mrad, Lever arm ~ 10 m:

BPM Resolution in bending plane
Stability required for a few hours only

BUT must be stable as machine energy doubles

Beam Pickups

& [Precise and Stable Electronics
Capacitive Wire Position Monitors
® Independent Position Monitoring
& Limit Rotations of Triplet Arms
Magnet System

& Well-Behaved Steel Dipole

& NME Instrumentation

® Precision Field Map

Michael D. Hildreth Qctober 26, 2000
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